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A method and 
system for detecting an 
imbalance condition in a 
rotating washing machine 
tub includes receiving an 
indication of the actual tub 
rotation speed, comparing 
the actual tub rotation 
speed to a predetermined 
desired rotation speed to 
calculate a speed error, 
and determining maximum 
and minimum speed errors. 
The difference between the 
maximum and minimum 
speed error is calculated, 
and a tub imbalance 
condition is detected based 
at least in part on the 
calculated difference. In 
one embodiment, the speed 
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METHOD AND APPARATUS FOR DETECTING 
WASHING MACHINE TUB IMBALANCE 

Field of the Invention 

This invention relates generally to clothes washing machines, and more particularly, 
to a method and system for detecting a tub imbalance condition in a washing machine. 
Description of Related Art 

Residential and commercial clothes washing machines are well known. A generally 
cylindrical tub or basket for holding the clothing and other articles to be washed is rotatably 
mounted within a cabinet. Typically, an electric motor drives the tub. During a wash cycle, 
water and detergent or soap are forced through the clothes to wash them. The detergent is 
rinsed from the clothes, then, during one or more spin cycles, the water is extracted from the 
clothes by spinning the tub. 

One way of categorizing washing machines is by the orientation of the washing 
machine tub. Conventional, vertical-axis washing machines have the tub situated to spin 
about a vertical axis. Articles to be washed are loaded into the tub through a door, which is 
usually situated on the top of the washing machine. A vertical-axis washing machine tub 
includes an agitator situated therein, which cleans clothes by pushing and pulling them down 
into the water. A motor typically drives the agitator, in addition to spinning the vertically- 
oriented tub during spin cycles. The motor usually operates at a constant speed, and a series 
of gears or belts are configured to drive the proper component at the proper time during each 
washing machine cycle. 

Horizontal-axis washing machines, having the tub oriented to spin about an 
essentially horizontal axis, do not include an agitator, and a variable-speed motor drives the 
tub. During wash cycles, the tub of the horizontal-axis washing machines rotates at a 
relatively low speed. The rotation speed of the tub is such that clothes are lifted up out of 
the water, using baffles distributed about the tub, then dropped back into the water as the tub 
. revolves. 
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Both vertical and horizontal-axis washing machines extract water from clothes by 
spinning the tub, such that centrifugal force extracts water from the clothes. It is desirable to 
spin the tub at a high speed and extract the maximum amount of water from the clothes in 
the shortest possible time, thus saving time and energy. The distribution of the clothes about 
5 the periphery of the tub affects the washing machine's ability to spin the tub at a high speed. 

Vertical-axis washing machines are especially susceptible to imbalance problems. 
Several factors contribute to this predicament. For instance, when a wash or rinse cycle 
completes and the water is drained from the tub, the clothes are gathered at the bottom of the 
tub, not distributed about the entire tub. In conventional washing machines, the tub typically 
io is not perfectly cylindrical; but rather, includes a draft. When the tub spins, the clothes will 
"creep" up the sides of the tub.' However, since a constant speed motor typically drives the 
vertically-oriented tub, the motor quickly ramps the tub up to the full spin speed. There is 
little chance for the clothes to distribute about the periphery of the tub, so they creep up the 
tub's sides in an unbalanced fashion. 

is The unbalanced, spinning tub vibrates within the cabinet. In conventional vertical- 

axis washing machines, if the vibration is too severe, the tub will trip a switch mounted 
inside the cabinet, stopping the tub's rotation and activating a tub-imbalance alarm. A user 
then manually redistributes the wet clothes within the tub, and restarts the spin cycle. 

Horizontal-axis washing machines typically are less vulnerable to tub imbalances. 
As discussed above, the tub in a horizontal-axis machine is driven by a variable speed motor. 
This allows the inclusion of a "distribution" cycle, wherein the tub is rotated faster than the 
rotation speed of a wash cycle, but slower than in a spin cycle. The tub rotation speed is 
gradually increased, until the clothes begin to "stick" to the sides of the tub due to 
centrifugal force. The slower rotation speed allows the clothes to more evenly distribute 
about the sides of the tub. Once the clothes have been distributed about the tub, the speed is 
increased to a full spin speed to extract the water from the clothes. 

Even though horizontal-axis washing machines may be less prone to tub imbalances, 
they are not immune to tub imbalance problems. If the clothes do not evenly distribute 
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during the distribution cycle, the unbalanced load within the tub will cause unwanted 
vibrations as the tub rotates. Rather than applying all of the motor's power to spinning the 
tub at the highest possible speed, power is wasted in tub movement and cabinet vibrations. 

Thus, it is desirable to detect the presence of an imbalance condition in a rotating tub, 
and take corrective action. However, prior art methods for detecting imbalance conditions 
have been largely unsatisfactory. The present invention addresses these, and other, 
shortcomings associated with the prior art. 
Summary of the Invention 

In one aspect of the invention, a method of detecting an imbalance condition in a 
rotating washing machine tub includes receiving an indication of the actual tub rotation 
speed and comparing the actual tub rotation speed to a predetermined desired rotation speed 
to calculate a speed error. Maximum and minimum speed errors are determined, and the 
difference between the maximum and minimum speed errors is determined. A tub 
imbalance condition is detected based at least in part on the calculated difference. 

In another aspect of the invention, a method of detecting an imbalance condition in a 
rotating washing machine tub includes receiving an indication of a power level required to 
achieve a given washing machine rotation speed and comparing the required power level to a 
predefined standard power level associated with the given rotation speed. A tub imbalance 
condition is detected in response to the comparison. 

In yet another aspect of the invention, a system for detecting an imbalance condition 
for a rotating washing machine tub includes a processor and a memory accessible by the 
processor. The memory stores a rotation speed demand value. A speed detection device is 
adapted to indicate the rotation speed of the washing machine tub. The processor is 
programmed to compare the speed indicated by the speed detection device to the speed 
demand to calculate a speed error. The processor further is programmed to determine 
minimum and maximum speed errors, and calculate the difference between the maximum 
and minimum speed errors to detect an imbalance condition. In an alternative system, the 
memory stores a standard power level associated with a given rotation speed. The processor 
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is programmed to calculate a power level required to achieve the given washing machine 
rotation speed indicated by the speed detection device, and compare the required power level 
to the predefined standard power level to detect a tub imbalance condition. 

In a further aspect of the invention, a method of controlling a washing machine tub 
containing clothes being washed is presented. The method includes receiving an indication 
of a first tub rotation speed demand for a first operational cycle and receiving an indication 
of the actual tub rotation speed during the first operational cycle. The method further 
includes calculating a speed error by determining the difference between the first rotation 
speed demand and the actual rotation speed at predetermined points in at least one tub 
revolution of the first operational cycle and determining the range of speed errors. The tub 
rotation is affected in response to the range of speed errors. 

In a still further aspect of the invention, a clothes washing machine includes a 
cabinet, a tub rotatably mounted within the cabinet, and a motor operably coupled to the tub 
for rotating the tub within the cabinet. The clothes washing machine further includes a 
memory storing a rotation speed demand value and a rotation speed detection device. A 
processor is programmed to detect an imbalance condition of the rotating tub, at least in part 
by comparing the tub rotation speed to the speed demand to calculate a speed error, 
determining minimum and maximum speed error values, and calculating the difference 
between the maximum and minimum speed error values. In a particular embodiment, the 
tub is oriented to rotate about a substantially horizontal axis. In another embodiment, the 
motor comprises a switched reluctance motor. In an alternative embodiment, the memory 
further stores a standard power level associated with a given rotation speed. The processor 
is programmed to calculate a power level required to achieve the given washing machine 
rotation speed indicated by the speed detection device, and compare the required power level 
to the predefined standard power level to detect a tub imbalance condition. 
Brief Description of the Drawings 

Other objects and advantages of the invention will become apparent upon reading the 
following detailed description and upon reference to the drawings in which: 
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Figure 1 is a block diagram, schematically illustrating a system for detecting a 
washing machine tub imbalance condition in accordance with an embodiment of the present 
invention; 

Figure 2 is a perspective view of a horizontal-axis washing machine in accordance 
with an exemplary embodiment of the present invention; 

Figure 3 is a flow diagram, illustrating a method for detecting a washing machine tub 
imbalance in accordance with the present invention; 

. Figure 4 is a block diagram illustrating a speed control loop in accordance with an 
embodiment of the present invention; 

Figure 5 is a specific embodiment of the speed control loop of Fig. 4; 
Figure 6 is a flow diagram illustrating an embodiment of a method in accordance 
with the present invention; 

Figure 7 is a flow diagram illustrating an alternative method in accordance with the 
invention for detecting and correcting a washing machine tub imbalance condition; and 

Figure 8 is a flow diagram illustrating a method of controlling a washing machine in 
accordance with the present invention. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 
Detailed Description of the Invention 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
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from one implementation to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 
Fig. 1 is a block diagram, schematically illustrating a washing machine 100 in 
5 accordance with an embodiment of the present invention. The washing machine 100 
includes a cabinet 102, in which a tub 104 is rotatably mounted. In one embodiment of the 
invention, the washing machine 1 00 is a horizontal-axis washing machine. In other words, 
the tub 104 is configured to rotate about a substantially horizontal axis within the cabinet 
102. Fig. 2 illustrates a horizontal-axis washing machine 101 in accordance with a specific 
i o embodiment of the invention. 

Referring back to Fig. 1, a motor 106 is operably connected to the tub 104 to drive 
the tub 104, for example, via a belt. The machine 100 further includes a memory 108 that 
stores a rotation speed demand value. A speed detection device 1 10 is coupled to the motor 
1 06 to ascertain the actual speed of the motor 106, and hence, the rotation speed of the tub 

15 1 04. Alternatively, the speed detection device 110 may be coupled directly to the tub 1 04 to 
^ detect its rotation speed. In yet other embodiments, rotation speed of the motor 106 and 
thus, the 1 04 is determined without the use of sensors by monitoring electrical and magnetic 
parameters of the motor 106. An example of such sensorless operation is described in U.S. 
Patent No. 5,701,064, assigned to the assignee of the present application, which is 

to incorporated by reference in its entirety. 

A processor 1 12 is programmed to detect an imbalance condition of the rotating tub 
1 04, based at least in part upon the difference between the actual rotation speed of the tub 
104 (as detected by the device 1 10) and the speed demand stored in the memory 108. In an 
embodiment of the invention, the processor 112 is programmed according to the method 
.5 illustrated in Fig. 3 to determine the out of balance condition of the tub 104. Referring to the 
flow diagram of Fig. 3, an indication of the actual rotation speed of the tub 104 is received in 
block 120. In block 122, a speed error is calculated by comparing the actual rotation speed, 
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as determined in block 120, to the speed demand stored in the memory 108. In other words, 
the actual rotation speed is subtracted from the speed demand to obtain the speed error. 

In block 124, the maximum and minimum speed errors are determined. In particular 
embodiments, this is done for each revolution of the tub 104. In block 126, the difference 
between the maximum and minimum speed errors^ is calculated to determine the out of 
balance condition. The difference between the maximum and minimum speed errors 
calculated in block 126 provides an indication of the degree that the tub 104 is out of 
balance; the greater the difference between the maximum and minimum speed errors, the 
greater the imbalance of the tub 104. 

In an exemplary embodiment of the invention, the washing machine 1 00 includes a 
controller that controls the rotation speed of the tub 1 04. Fig. 4 illustrates a speed control 
loop 130 used in an embodiment of the invention. The speed demand 132, as stored in the 
memory 108, is compared to the actual rotation speed 134, as indicated by the device 1 10, at 
a summation point 136 to produce a speed error 138. The speed error 138 is input to a 
controller 140, which produces an output 142 that is applied to the motor 106 to correct the 
speed error 138. The controller 140 is effective in keeping the speed error small. Thus, the 
minimum and maximum output 142 of the controller 140 may be used to detect an 
imbalance condition. 

Fig. 5 illustrates a proportional-integral-derivative (PID) speed control loop 150, 
which is employed in a specific embodiment of the invention. The speed control loop 150 is 
implemented in software via the processor 112, which, in this exemplary embodiment, 
comprises a microcontroller. A Motorola model MC68HC05P9 microcontroller is a suitable 
processor. The Motorola model MC68HC05P9 microcontroller includes on-chip memory; 
therefore, the memory 108 is contained within the processor 1 12. 

In an embodiment employing the PID speed control loop 150 shown in Fig. 5, the 
motor 106 comprises a switched reluctance motor, as is known in the art. A reluctance 
motor is an electric machine in which torque is produced by the tendency of a movable part 
to move to a position where the inductance of an energized winding is maximized (i.e., the 
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reluctance is minimized). The switched reluctance motor is generally constructed without 
conductive windings or permanent magnets on the rotating part (called the rotor) and includes 
electronically-switched windings carrying unidirectional currents on the stationary part (called 
the stator). Commonly, pairs of diametrically opposed stator poles may be connected in series 
or parallel to form one phase of a potentially multi-phase switched reluctance motor. 

Motoring torque is developed by applying voltage to each of the phase windings in a 
predetermined sequence that is synchronized with the angular position of the rotor so that a 
magnetic force of attraction results between poles of the rotor and stator as they approach each 
other. Thus, in a switched reluctance machine, a rotor position detector is typically employed 
to supply signals corresponding to the angular position of the rotor, such that the phase 
windings may be properly energized as a function of the rotor position. 

The rotor position detector may take many forms. In some systems, the rotor position 
detector can comprise a rotor position transducer that provides output signals that change state 
each time the rotor rotates to a position where a different switching arrangement of the devices 
in the power converter is required. In other systems, the rotor position detector can comprise a 
relative position encoder that provides a pulse (or similar signal) each time the rotor rotates 
through a preselected angle. 

In an embodiment of the present invention employing a switched reluctance motor, the 
output of the rotor position detector functions as a tachometer that generates a speed feedback 
signal 1 52, indicating the motor 1 06 speed, and thus, the rotation speed of the tub 1 04. In an 
exemplary speed detection system, the rotor position sensor for the motor 1 06 provides 48 
pulses per revolution of the motor 106. The rotor position sensor's 48 pulses per revolution 
are divided down by the controller chip (not shown) for the motor 1 06 to eight pulses per 
revolution. These eight pulses are provided to the processor 112. The washing machine 
employs a belt drive for rotating the tub 104, with the system having a 12:1 belt ratio. Thus, 
there are 96 tachometer pulses per revolution of the tub 104 provided to the processor 112. 
The present invention, however, is not limited to a speed detection such as this. A person 
having ordinary skill in the art could determine actual tub rotation speed using approaches 



* 

WO 00/31332 



PCT/US99/27510 



-9- 

other than a tachometer. For example, in another exemplary embodiment employing a 
sensorless switched reluctance motor, eight pulses per revolution are provided based on 
motor speed determined by examining motor parameters. In embodiments using an 
induction motor to drive the tub 104, slip may be examined to determine speed. 

The tachometer feedback 152, indicating actual speed, is compared to the speed 
demand 132 at the summation point 136 to produce the speed error 138. The speed error 
138 is applied to the controller's proportional 154, integral 156 and derivative 158 modes, 
and the PID action is summed at a summation point 160. The output of the controller is a 
torque demand 162 required to correct the speed error 138. The controller 140 is effective at 
keeping the speed error 138 signal small. The controller 140 output is such as to counteract 
the tendency of the speed to change. Then the difference between the minimum and 
maximum of the controller 140 output indicates the imbalance directly. 

In other embodiments, each of the proportional 154, integral 156 and derivative 158 
control modes are not utilized in the speed control loop 150. For instance, it would be a 
routine undertaking for one skilled in the art having the benefit of this disclosure to 
implement the invention using only proportional control action. 

Fig. 6 illustrates an exemplary method, used with an embodiment employing a speed 
control loop as shown in Fig. 5. During each revolution of the washing machine tub 104, 
each torque demand signal 1 62 is captured and compared to determine the minimum and 
maximum torque demands 162 in block 170. The range of torque demand signals 162 for 
each revolution of the tub 104 is determined in block 172 by subtracting the minimum 
torque demand 162 from the maximum torque demand 162. In alternative embodiments, the 
minimum and maximum torque demand are not determined during each tub revolution, but 
rather, during some preselected revolutions, for example, every-other revolution, or every 
half revolution. In still further embodiments, the minimum and maximum torque demand 
may be determined periodically, for example, at predetermined time intervals. 

The memory 1 08 contains a predetermined standard torque demand range, to which 
the difference between the minimum and maximum torque demand is compared to the 
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standard torque demand range in block 1 74 during distribution. In decision block 1 76, the 
processor 1 1 2 determines whether the actual range exceeds the standard. If the actual range 
is within the standard, operation continues. If the actual range exceeds the standard, 
corrective action may then be taken in block 178. For example, if the actual torque demand 
range exceeds the standard, the clothes can be retumbled, then the distribution cycle may be 
restarted. This often corrects the imbalance. Alternatively, the distribution ramp may be 
modified to better balance the tub 1 04. 

,. Moreover, since the minimum and maximum torque demands are determined at a 
plurality of angular locations based on the tachometer feed back 152, the position of the tub 
104 imbalance may be determined. For instance, information relating to the angular position 
of the minimum and maximum torque demands and the torque demand range, for a given 
load, may be empirically correlated to angular positions of load imbalances. These 
relationships may be provided in a look-up table stored in the memory 1 08 and accessed by 
the processor 1 12 to implement corrective action at the specific imbalance location. This 
may be necessary, for example, if the tub as produced is not balanced. It should be noted 
that using the output 142 or torque demand 162 to determine imbalance may cause a phase 
shift in the estimated position of an imbalance. One skilled in the art, however, could 
compensate for this phase shift via knowledge of the controller time constants and other 
controller parameters. 

As discussed in the Background of the Invention section herein above, washing 
machines typically include a variety of operation cycles. Washing machines - particularly 
horizontal-axis machines - include one or more wash cycles, distribution cycles and spin 
cycles. The above described method of detecting imbalance may be employed during any 
washing machine cycle, though tub imbalance is rarely a problem during wash cycles, 
which, in a horizontal -axis machine, use a tub rotation speed of about 50 rpm to tumble the 
clothes in and out of the water. The method described in conjunction with Fig. 3 and Fig. 5 
is particularly well suited for distribution cycles, which typically operate at a tub rotation 
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speed of about 55-1 10 rpm (clothes will begin to "stick" to the sides of the tub 104 at about 
60 rpm). 

In comparison, the minimum rotation speed that is normally considered a "spin 
cycle" speed is about 250 rpm. In a particular embodiment of the invention, a tub rotation 
speed of about 350-450 is considered a "low" spin speed, a tub rotation speed of about 650- 
850 is considered a "medium" spin speed, and about 1,000 rpm is considered "high" spin 
speed. As discussed above, it is desirable to rotate the tub 1 04 at a high speed to extract the 
maximum amount of water from the clothes. At the high tub rotation speeds of a spin cycle, 
it may be difficult to implement the method illustrated in Fig. 3 or Fig. 5, depending on the 
processing speed and power available. 

Fig. 7 illustrates another method in accordance with the present invention for 
detecting washing machine tub imbalance. The embodiment illustrated in Fig. 7 is 
especially suited for use with the high rotation speeds of a spin cycle, though the method 
may be applied to other cycles, such as a wash cycle. In block 200, an indication of the 
power required to achieve a given tub rotation speed is received. In a particular 
embodiment, the power level indication is obtained during the tub's 104 acceleration In 
block 202, the power level received in block 200 is compared to a predetermined "normal" 
power level or power level range required for achieving the demanded speed with a given 
load. As shown in decision block 204, if the actual power level exceeds the standard power 
level for the given speed demand, corrective action is taken in block 206. If the actual 
power does not exceed the standard power level, the system continues to operate. 

Fig. 8 illustrates a method for controlling a washing machine in accordance with an 
embodiment of the invention. In this exemplary embodiment, the washing machine is a 
horizontal-axis machine that includes at least first and second cycles, which may comprise 
distribution and spin cycles, respectively. For distribution cycles, wherein the tub rotation 
speed is gradually increased until the clothes "stick" to the sides of the tub, a process 
essentially as illustrated in Fig. 5 is used to detect a tub imbalance condition. For spin 
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cycles, wherein the tub is rotated at a high speed to extract water from the clothes, a process 

along the lines illustrated in Fig. 7 is used. 

In block 210, a distribution cycle is initiated. The minimum torque demand 162, as 

output by the PID control loop 150, is subtracted from the maximum torque demand to 
5 determine the torque demand range in block 212. In decision block 214, the torque demand 

range is compared to a predetermined standard torque demand, and if the torque demand 

range exceeds the standard, corrective action is taken. In one embodiment, the clothes are 

retumbled and the distribution cycle is then restarted, illustrated in block 216. If the torque 

demand range does not exceed the standard, the distribution cycle continues until the clothes 
10 are distributed about the sides of the tub 104, illustrated in block 218. 

When' the clothes are properly distributed, the spin cycle begins (block 220) by 

increasing the rotation speed of the tub 1 04 to the desired spin speed in block 222. In block 

224, the average torque demand 162 is monitored at various speeds to determine power. 

Power is monitored in order to determine if excess power is required for a given spin speed 
is with a given load. In decision block 226, the power for the given speed is compared to a 

standard, or "normal" power level for the given speed. If the actual power exceeds the 

standard, power is being wasted in tub 1 04 vibration, rather than being provided to the load. 

Thus, if the actual power does not exceed the standard, the spin cycle continues in block 

228. If the actual power exceeds the standard in decision block 226 corrective action is 
20 taken. In this exemplary embodiment, the clothes are retumbled at a wash speed in block 

230, and the distribution cycle is repeated. Other corrective actions may be used in 

alternative embodiments; for instance, reducing the spin speed. 

Since some embodiments in accordance with the invention disclosed herein use the 

output of the controller 140, the imbalance condition may be determined at any point during 
25 a particular washing machine cycle. It is not necessary for the tub 1 04 to be rotating "at 

speed" - the desired distribution or spin cycle speed - to implement the methods of the 
• present invention. Rather, an imbalance condition may be detected at any point after the tub 

104 begins rotating. Still further, the actual speed may be compared to any preselected 
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speed demands 132. This allows the imbalance condition to be detected and corrected as 
soon as possible in the cycle, reducing wasted energy and other problems associated with 
imbalance conditions. 

It will be appreciated by those of ordinary skill in the art having the benefit of this 

disclosure that the embodiment illustrated above is capable of numerous variations without 

departing from the scope and spirit of the invention. It is fully intended that the invention 

for which a patent is sought encompasses within its scope all such variations without being 

limited to the specific embodiment disclosed above. Accordingly, the exclusive rights 
sought to be patented are as described in the claims below. 



0031332A1 I > 



WO 00/31332 



PCT/US99/27510 



-14- 

Claims 

1 . A method of detecting an imbalance condition in a rotating washing machine tub, the 
method comprising: 

receiving an indication of the actual tub rotation speed; 
5 comparing the actual tub rotation speed to a predetermined desired rotation speed to 
calculate a speed error; 

determining maximum and minimum speed errors; 

calculating the difference between the maximum and minimum speed error; and 
detecting a tub imbalance condition based at least in part on the calculated difference. 
10 2. The method of claim 1 , wherein detecting a tub imbalance condition based at least in 
part on the calculated difference includes: s 

comparing the difference between the maximum and minimum speed errors to a 

predetermined limit; and 
detecting the tub imbalance condition in response to the comparison. 
15 3. The method of claim 1, wherein the imbalance condition is detected during a washing 
machine cycle selected from at least one of a wash cycle, a distribution cycle and a spin 
cycle. 

4. The method of claim 1, wherein the maximum and minimum speed errors are 
determined during a predetermined number of washing machine tub revolutions. 
20 5. The method of claim 4, wherein the predetermined washing machine tub revolutions 
comprise each washing machine tub revolution. 

6. The method of claim 4, wherein the predetermined washing machine tub revolutions 
comprise each half of a washing machine tub revolution. 

7. The method of claim 1, wherein receiving an indication of the actual tub rotation 
25 speed comprises receiving feedback from a tachometer. 

8. The method of claim 1, wherein comparing the actual tub rotation speed to a 
predetermined desired rotation speed comprises comparing the actual tub rotation speed to a 
preselected one of a plurality of predetermined desired rotation speeds. 
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9. The method of claim 1, further comprising: 

applying the speed error to a controller that provides an output signal; 

wherein determining the maximum and minimum speed errors comprises determining the 
maximum and minimum controller output signals. 

10. The method of claim 9, wherein applying the speed error to a controller comprises 
applying the speed error to at least one of a proportional mode, an integral mode, and a 
derivative mode. 

11. The method of claim 1, further comprising determining an angular location of the 
imbalance condition. 

12. A method of detecting an imbalance condition in a rotating washing machine tub, the 
method comprising: 

receiving an indication of a power level required to maintain a given washing machine 
rotation speed; 

comparing the required power level to a predefined standard power level associated with the 
given rotation speed; and 

detecting a tub imbalance condition in response to the comparison. 

13. The method of claim 12, wherein the indication of the power level is determined 
when the washing machine tub is accelerating. 

14. The method of claim 12, wherein the imbalance condition is detected during a 
washing machine cycle selected from at least one of a wash cycle, a distribution cycle and a 
spin cycle. 

15. The method of claim 12, wherein the given speed comprises a preselected one of a 
plurality of predetermined desired rotation speeds. 

16. The method of claim 12, wherein receiving an indication of the power level includes 
determining the torque demand required for the given speed. 

17. A method of detecting an imbalance condition in a rotating washing machine tub, the 
method comprising: 

receiving an indication of the actual tub rotation speed; 
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comparing the actual tub rotation speed to a predetermined desired rotation speed to 
calculate a speed error; 

applying the speed error to a controller that provides an output signal; 
determining maximum and minimum controller output signals; and 

detecting a tub imbalance condition based at least in part on the difference between the 
maximum and minimum controller output signals. 

18. The method of claim 17, wherein the applying the speed error to a controller 
comprises applying the speed error to at least one of a proportional mode, an integral mode, 
and a derivative mode. 

19. A system for detecting an imbalance condition for a rotating washing machine tub, 
comprising: 

a processor; 

a memory accessible by the processor and storing a rotation speed demand value; and 

a speed detection device adapted to provide an indication of the tub rotation speed to the 

processor; 

the processor being programmed to compare the tub rotation speed to the speed demand to 
calculate a speed error, determine minimum and maximum speed errors, and calculate the 
difference between the maximum and minimum speed errors to detect an imbalance 
condition. 

20. The system of claim 19, wherein the memory stores a predetermined speed error 
limit; wherein the processor is programmed to compare the difference between the 
maximum and minimum speed errors to the predetermined limit. 

2 1 . The system of claim 1 9, wherein the processor is programmed to determine the 
minimum and maximum speed error values during a predetermined number of tub 
revolutions. 

22. The system of claim 21, wherein the processor is programmed to determine the 
minimum and maximum speed error values during each revolution of the tub. 
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23. The system of claim 21, wherein the processor is programmed to determine the 
minimum and maximum speed error values during each half-revolution of the tub. 

24. The system of claim 19, wherein the rotation speed detection device comprises a 
tachometer. 

25. The system of claim 19, further comprising a controller, the controller outputting a 
torque demand signal based at least in part on the speed error; the processor programmed to 
determine the minimum and maximum torque demand signals. 

26. The system of claim 25, wherein the controller includes at least one of a proportional 
mode, an integral mode, and a derivative mode. 

27. A system for detecting an imbalance condition for a rotating washing machine tub, 
comprising: 

a processor; 

a memory accessible by the processor and storing a standard power level associated with a 
given rotation speed; and 

a speed detection device adapted to indicate the rotation speed of the washing machine tub; 
the processor being programmed to calculate a power level required to achieve the given 
washing machine rotation speed indicated by the speed detection device, and compare the 
required power level to the predefined standard power level to detect a tub imbalance 
condition. 

28. The system of claim 27, further comprising a controller outputting a torque demand 
signal; the processor programmed to determine the required power based on the torque 
demand and the speed indicated by the speed detection device. 

29. The system of claim 28, wherein the controller includes at least one of a proportional 
mode, an integral mode, and a derivative mode. 

30. A method of controlling a washing machine tub containing articles being washed, the 
method comprising: 

receiving an indication of a first tub rotation speed demand for a first operational cycle; 
receiving an indication of the actual tub rotation speed during the first operational cycle; 
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calculating a speed error by determining the difference between the first rotation speed 
demand and the actual rotation speed at predetermined points in at least one tub revolution 
of the first operational cycle; 
determining the range of speed errors; and 

affecting the tub rotation in response to the range of speed errors. 

31. The method of claim 27, wherein the at least one tub revolution comprises each tub 
revolution of the first operation cycle. 

32. :" The method of claim 27, further comprising: 

receiving an indication of a second tub rotation speed demand for a second operational 
cycle; 

determining the power required to achieve the second speed; and 

affecting the tub rotation in response to the power required to achieve the second speed. 

33. A clothes washing machine comprising: 
a cabinet; 

a tub rptatably mounted within the cabinet; 

a motor operably coupled to the tub for rotating the tub within the cabinet; 
a memory storing a rotation speed demand value; 
a rotation speed detection device; 

a processor programmed to detect an imbalance condition of the rotating tub, at least in part 
by comparing the tub rotation speed to the speed demand to calculate a speed error, 
determining minimum and maximum speed error values, and calculating the difference 
between the maximum and minimum speed error values. 

34. The clothes washing machine of claim 33, wherein the memory stores a 
predetermined speed error limit; wherein the processor is programmed to compare the 
difference between the maximum and minimum speed errors to the predetermined limit. 

35. The clothes washing machine of claim 33, wherein the motor comprises a switched 
reluctance motor. 
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36. The clothes washing machine of claim 35, wherein the switched reluctance motor 
includes a rotor position sensor that indicates motor speed. 

37. The clothes washing machine of claim 35, wherein the switched reluctance motor is 
adapted to determine motor speed based on operating parameters of the motor. 

5 38. The clothes washing machine of claim 35, wherein the rotation speed detection 
device comprises a tachometer. 

39. The clothes washing machine of claim 35, further comprising a controller, the 
controller outputting a torque demand signal based at least in part on the speed error; the 
processor programmed to determine the minimum and maximum torque demand signals, 

io and wherein the memory stores a predetermined torque demand limit and the processor is 
programmed to compare the difference between the maximum and minimum torque demand 
signals to the predetermined limit. 

40. The clothes washing machine of claim 39, wherein the controller includes at least 
one of a proportional mode, an integral mode, and a derivative mode. 

i5 41 . The clothes washing machine of claim 35, wherein the tub is oriented to rotate about 
a generally horizontal axis. 

42. The clothes washing machine of claim 35, wherein the tub is oriented to rotate about 
a generally vertical axis. 

43. The clothes washing machine of claim 35, wherein 

:o the memory further stores a standard power level associated with a given rotation speed; 

the processor is further programmed to calculate a power level required to achieve the given 
washing machine rotation speed indicated by the speed detection device, and compare the 
required power level to the predefined standard power level to detect a tub imbalance 
condition. 



MSDOCID: <WO 0031332A1 I > 



WO 00/31332 



1/4 




WO 00/31332 



2/4 



PCT/US99/27510 




SDOC1D: <WO O031332A1 I > 




OCID:<WO 0031332A1 I > 



INTERNATIONAL SEARCH REPORT 



mm ana Apfjuutmi no 

PCT/US 99/27510 



A. CLA8SIRCAT10N OF SUBJECT HATTER 

IPC 7 D06F37/20 D06F37/30 



Acoordkig to International Patent aassfflcation (IPC) or to both national dassfflcatlon and IPC 



D. FIELDS SEARCHED 



Mnhnum documentation searched (classification system fotowed by ciasstftcation symbols) 

IPC 7 D06F 



Documentation searched other than minknun docunentatlon to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the kitemationa! search (name of data base and, where practical, search terms used) 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document wtth Mcatkm, where appropriate, of the relevant passages 



Relevant to claim No. 



DE 40 38 178 A (TELEFUNKEN ELECTRONIC 
GMBH) 4 June 1992 (1992-06-04) 

column 3, line 20 -column 5, line 36; 
figures 1-4 

EP 0 792 963 A (SANYO ELECTRIC CO) 
3 September 1997 (1997-09-03) 
the whole document 



A 
A 



EP 0 523 371 A (MOTOROLA SEMICONDUCTEURS ) 
20 January 1993 (1993-01-20) 
the whole document 

-/- 



1-10, 
17-24 , 
30,33,34 



12-16, 
27-29 

1,11 

1,17,19, 
27,30,33 



LH 



Further documents are tsted In the contauation of box C. 



Patent family members are lated hi annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which Is not 
considered to be of particular relevance 

"E" earfler docunert but pubfished on or after the Irrtematlona) 
fling date 

"L" document which may throw doubts on priority c*afcn(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral dsctoeure, use, exhfcrtion or 
other means 

"P* document puMshed prior to the International fling date but 
later than the priority date claimed 



T later document published after the International flhg date 
or prlortty date and not conflk* wtth the appfcatton but 
cfted to understand the pnrdple or theory underlying the 
Invention 

"X" document of particular relevance; the claimed fcwention 
cannot be considered novel or cannot be considered to 
kivoive an Inventive step when Ihe document Is taken alone 

"V document of particular relevance; the claimed hvention 

cannot be considered to Involve an inventive step when the 
document la combtoed wtth one or more other such docu- 
ments, such combination being obvious to a person sidled 
the art 

document member of the same patent famly 



Date of the actual completion of the titemational search 



1 March 2000 



Date of mallng of the international search report 



10/03/2000 



Name and maltog address of the ISA 

European Patent Office, P.B. 561 8 Patentiaan 2 
NL - 2280 HV Rljswt Jc 
Tel. (431-70) 340-2040. Tx. 31 651 epo ni. 
Fax: (+31-70) 340-3016 



Authorized officer 



Norman, P 



Form PCT7I8A/210 (second «h*et) (Jiiy 1902) 



INTERNATIONAL SEARCH REPORT 

a(Contmuabon) POCUHEMTB CONSIDERED T BE RELEVAWT* 
Category Cttallcn of docuT>ent vvtth ktolcaflon, where a p prop riate , of the relevant passage* 



Inm ml Apptioation No 

PCT/US 99/27510 



Relevant to dain No. 



GB 2 295 160 A (GEN ELECTRIC) 
22 May 1996 (1996-05-22) 

the whole document 

DE 42 35 614 A (AKO WERKE GMBH & CO) 
28 April 1994 (1994-04-28) 

the whole document 

EP 0 969 133 A (SAMSUNG ELECTRONICS CO 
LTD) 5 January 2000 (2000-01-05) 
the whole document 



EP 0 684 334 A (GOLD STAR CO) 
29 November 1995 (1995-11-29) 

the whole document 



1,33, 

35-40, 

42,43 



1,12,17, 

19,27, 

30,33 



1,12,17, 

19,27, 

30,33 



Form PCT718 A/210 (oonttnuotfcn c* seoond sheet) (Jiiy 1966) 

MSDOCID:<WO 0O31332A1 I > 



page 2 of 2 



' V 



INTERNATIONAL SEARCH REPORT 

information on pctant family mmbmr * 



Pater* document 
cfted In search report 

DE 4038178 



PubBcatlon 
date 

04-06^1992 



WW ORB AppeOBDOfl NO 

PCT/US 99/27510 



Patent famly 
members) 



NONE 



PuWkatton 
date 



CD 
LP 


079Z963 


A 


03-09-1997 


JP 


9290089 A 


11-11-1997 










US 


5765402 A 


16-06-1998 


rh 

EP 


0523371 


A 


20-01-1993 


FR 


2679080 A 


15-01-1993 








- 


DE 


69206905 D 


01-02-1996 










DE 


69206905 T 


11-07-1996 










HK 


1000805 A 


01-05-1998 


GB 


2295160 


A 


22-05-1996 


US 


5301523 A 


12-04-1994 










Ail 
nU 


O/CVlO D 


iv— w»— iy»o 










AU 


4469093 A 


03-03-1994 










AU 


679406 B 


26-06-1997 








- 


AU 


5073396 A 


27-06-1996 










RP 
DK 


VOX) OHO o A 


15-03-1994 










GB 


2270090 A,B 


02-03-1994 










.IP 


0JLo£Uo4 A 


AC AT 1AAJI 

05-07-1994 










NZ 


248499 A 


26-01-1996 








i 


NZ 


272712 A 


26-01-1996 










US 


5325677 A 


05-07-1994 


DE 


4235614 


A 


28-04-1994 


FR 


2697332 A 


1 

29-04-1994 










GB 


2271837 A,B 


27-04-1994 


. •• 








IT 


M 1932182 A, B 


22-04-1994 


EP 


0969133 


A 


05-01-2000 


NONE 




. — - — 


EP 


0684334 


A 


r 

29-11-1995 


KR 


141769 B 


17-08-1998 










KR 


142811 B 


01-10-1998 










KR 


136116 B 


15-06-1998 










KR 


140938 B 


17-08-1998 








- \ 


EP 


0685926 A 


06-12-1995 




■ 






EP 


0684689 A 


20-11-1QQ5 










CN 


1108324 A 


13-09-1995 










DE 


69415131 D 


21-01-1999 










DE 


69415131 T 


06-05-1999 










DE 


69422162 D 


20-01-2000 










DE 


69422608 D 


17-02-2000 










EP 


0653832 A 


17-05-1995 










JP 


8154391 A 


11-06-1996 










NZ 


264306 A 


26-06-1998 










US 


5682634 A 


04-11-1997 



Pom PCTflS A/210 (patent tamtfy amx) (JUy 1 902) 

NSDOCID: <WO 0031332A1 I > 



